This demonstration of mirage effect under a microscope provides a new possibility to measure the thermal diffusivity of a transparent sample as small as a few microns, with micronic spatial resolution.
Mirage effect [l] is now a classical technique of photothermal physics. The modulated heating beam is focused at normal incidence on the sample's surface, while the probe beam runs either along the surface (transverse configuration) or along the heating beam (collinear configuration, for transparent samples; cf. figure 1). The probe beam senses the modulated temperature gradient all along its path in the heated region, and is deviated accordingly. The characteristic lengths (beam waist diameters; thermal diffusion length in the sample) are usually of the order of one tenth of a millimetre. Mirage effect has been extensively used to study the transport of heat, of carriers, of mass, etc. .. [2-41. The present work presents a demonstration of mirage effect under a microscope, with characteristic lengths one order of magnitude smaller (beam diameter = 8 pm; thermal diffusion length in the sample = 17 pm). The interest is precisely this reduction of the exploration scale. A stronger reduction could be achieved, in view of the good signallnoise ratio obtained here.
The experiment was performed with a set-up actually designed for photoreflectance microscopy. The heating beam (Ar+, 514 nm) and the probe beam (diode laser, 670 nm) both enter the microscope through the eyepiece downwards and are focused in the sample under the objective. A dichroic mirror that reflects the heating beam but transmits the probe beam, makes it possible to scan the heating spot while the probe spot remains fixed.
The sample, a plate of amorphous silica, is transparent for both beamsyet its slight absorption is sufficient for the green beam to heat it to a measurable amount. The two beams transmitted by the sample (fig. 1 ) reach a filter that blocks the heating beam but transmits the probe beam. This filter is located far from the focal plane of the beams, so as to minimise the energy density and the ensuing mirage signal that would else be induced in the bulk of the filter. The heating spot is swept along a straight line orthogonal to the common boundary of the two sectors of the sensor. This line passes through the centre of the probe spot, located on the boundary. Figure 2 shows the phase lag of the deviation of the probe beam as a function of the position of the heating spot.
The essential features of the plot of figure 2 are easy to understand : First, since the centre of the probe spot is a symmetry centre for the experiment, the deviations of the probe beam at two symmetric locations X and -X are opposite. Consequently we expect the corresponding phases to differ by 180°, i.e. to satisfy the relation @(-X) = *X) f 180 4
The two branches of the plot should thus be symmetrical with respect to the ordinate axis with an additional vertical shift of 180". This is essentially realised on the plot, except far on the wings, where the modulation depth becomes so small that systematic discrepancies dominate.
Next, when both spots coincide (X = O), the heat deposited by the heating beam has no distance at all to travel before it causes the probe beam to deviate. Consequently, we expect zero phase lag between the heating beam's modulation and the probe beam's deviation. The phase lag observed at X = 0 is actually 360" (equivalent to 0") or 180" (i.e. 0" with a reversal of the direction, due to the symmetry).
At last, when the spacing of the two spots is sufficient their finite size can be neglected. The phase lag is then, as for point-like spots, equal to the ratio xlp, where X is the spacing between the heating and probe spots, and p is the "thermal diffusion length" p = [D/H~Q .
Consequently the wings of the plot are straight lines, whose slope yields the thermal diffusion length Since the modulation frequency f is known, the slope finally yields the thermal diffusivity D. We obtain D --(0.81 -0.87) X 1 0 -~ crn2/s, in remarkable agreement with values found in the literature : (0.8 -0.9 ) X I O -~ crn2/s. We hope this technique will be helpful in the characterisation of the local thermal properties of homogeneous or heterogeneous transparent thin films.
